The growth hormone factor-1/pituitary-specific transcription factor Pit-1 is responsible for the expression of growth hormone in mammals. Mutations in Pit-1 have been found in growth hormone disorders of mice and humans. We studied the eventual association between Pit-1 polymorphism using the HinfI enzyme and the milk yield and conformation traits of 89 Italian Holstein-Friesian bulls. A strategy employing polymerase chain reaction was used to amplify a 451-bp fragment from semen DNA. Digestion of polymerase chain reaction products with HinfI revealed two alleles: allele A was not digested (451-bp fragment), and allele B was cut at one restriction site, generating two fragments of 244 and 207 bp. Three patterns were observed; frequencies were 2.2, 31.5, and 66.3% for AA, AB, and BB, respectively. Fixed and mixed linear models were fitted on daughter yield deviations for milk yields and on deregressed proofs for conformation traits. Predictions were weighted using the inverse of the estimated variance of records. The models used contained mean and gene substitution effects for Pit-1 A allele as fixed effects and random sire effect for the mixed model. The A allele was found to be superior for milk and protein yields, inferior for fat percentage, and superior for body depth, angularity, and rear leg set, which is difficult to explain. A canonical transformation revealed that Pit-1 had three actions, one linked to milk yield traits and angularity, a second linked to body depth and rear leg set, and a third linked to lower fat yields and to higher angularity. ( Key words: milk, conformation, Pit-1, restriction fragment length polymorphism) Abbreviation key: DRP = deregressed proofs, DYD = daughter yield deviations, GH = growth hormone, PCR = polymerase chain reaction, PRL = prolactin, RFLP = restriction fragment length polymorphism.
INTRODUCTION
The growth hormone factor-1/pituitary-specific transcription factor, Pit-1, a member of the POU family of homeo-domain transcription factors, activates gene expression for thyrotropin and prolactin ( PRL) and growth hormone ( GH) but also has a role in pituitary cell differentiation and proliferation (4, 15) . The inhibition of Pit-1 synthesis leads to a marked decrease in expression of PRL and GH and to a dramatic decrease in proliferation of cell lines producing PRL and GH ( 8 ) . In humans, different mutations of the Pit-1 gene also have been reported in patients with familial pituitary hypoplasia ( 1 1 ) or with sporadic combined pituitary hormone deficiency (12) . Finally, mutations in the Pit-1 gene are responsible for the dwarf phenotypes of the Snell and Jackson mice and lead to anterior pituitary hypoplasia ( 5 ) .
Because PRL and GH are essential for mammary gland development and milk yield (2, 10) , the Pit-1 gene has potential as a marker for genetic variation in yield traits. We therefore examined the relationship of the polymerase chain reaction ( PCR) and restriction fragment length polymorphism ( RFLP) of the Pit-1 gene using the HinfI enzyme with the milk yield traits of Italian Holstein-Friesian bulls. Another secondary objective was to use two models, a fixed model and a mixed ( 6 ) model in order to compare results from these two different methods.
MATERIALS AND METHODS

Data
Genomic DNA of 89 commercially available, registered Italian Holstein-Friesian bulls was extracted from semen as described by Lucy et al. ( 7 ) . 1 Daughter yield deviations for fat percentage and protein percentage computed from yields. 2 Number of effective daughters for yield reported by ANAFI (Associazione Nazionale Allevatori Frisona Italiana, Cremona, Italy). 3 Reliability from daughter information (values shown are for h 2 = 0.25). 4 Weight computed as 4 × reliability/(4 -1.5 × reliability) (values shown are for h 2 = 0.25). 5 Deregressed proofs for final score reported on the original scale, and linear scores reported on a relative scale. 6 The approximate number of effective daughters was obtained from numbers of daughters and herds. Daughter yield deviations ( DYD) for the HolsteinFriesian bulls were computed in March 1996 and were obtained from the Italian Holstein-Friesian Breeder Association, ANAFI (Associazione Nazionale Allevatori Frisona Italiana, Cremona, Italy). The DYD were not computed for percentages of fat and protein because those traits were only evaluated indirectly from solutions for yield traits and mean population estimates for those traits. Therefore, DYD were computed by the same approach used for the computation of genetic values for percentage traits. The DYD were not available for conformation traits; therefore, genetic predictions were transformed to deregressed proofs ( DRP) (1, 6 ) that could then be considered as approximate DYD.
Means and standard deviations of DYD for yield traits and for DRP for conformation traits are presented in Table 1 . The effective number of daughters (Table 1) , a measure of the number of daughters adjusted for their distribution within herds, was available for yield traits but not for conformation traits. This measure was therefore approximated using the following formula: effective number = real number times the square root of the ratio between number of herds and number of daughters (Table 1) .
PCR Method
The RFLP at the Pit-1 gene using the HinfI restriction enzyme was revealed by the PCR method patented by Byocore (Paris, France). Briefly, the PCR primers described by Woollard et al. ( 1 7 ) ( 5 ′-AAACCATCATCTCCCTTCTT-3′ and 5′-AATGT-ACAATGTGCCTTCTGAG-3′) were designed from in- Figure 1 . The generated patterns for polymerase chain reaction and restriction fragment length polymorphism using the restriction enzymes HinfI on the Pit-1 gene observed in Holstein-Friesian bulls. The sizes of digested fragments are on the right, and the patterns are at the top. Fragment length (expressed as kilobase) was estimated relative to the DNA size markers l/HindIII and f174 DNA/HaeIII fragments. tron V and exon 6, and standard procedures were used to amplify a 451-bp fragment from the genomic DNA in a 50-ml reaction volume containing 2 mM MgCl 2 . Conditions were 94.5°C for 10 min and 94°C for 1 min, followed by 35 cycles of 95°C for 30 s, 56°C for 1 min, and 72°C for 2 min. The final step was at 72°C for 10 min. The PCR products were digested with HinfI and electrophoresed on 2% agarose gels with 1 mg/ml of ethidium bromide ( Figure 1 ).
Statistical Analysis
Statistical analysis was performed using the MIXED procedure of SAS (14) . Two models were used, a fixed model (Model [1] ) and a mixed model (Model [2] ), which were similar to those used by Lien et al. ( 6 ) . Both models shared the same fixed effects:
where y = vector of DYD or DRP of bulls, b = unknown vector of mean effect and regression coefficient, X = known design and covariate matrix (regression on allele frequencies) matrix linking y and b, u = unknown vector of random additive polygenic effects of bulls, Z = known design matrix linking y and u, and e = unknown vector of random residual effects for the fixed model (Model [1] ), and e* = unknown vector of random residual effects for the mixed model (Model [2] ). The regression coefficient represented only half ( a/2) of the gene substitution effect a as DYD and DRP represented only half of the expected phenotypic deviation of a given animal (the part associated with its sire). Model [1] was solved using the following fixed model equations:
Model [2] was solved using the following mixed model equations:
where A = the additive relationship matrix between the 89 bulls constructed using all known relationships (1842 known ancestors), R -1 = where D = a D/s e 2 diagonal matrix divided by the estimate of the residual variance . The REML estimate ( 9 ) is here s e 2 identical to noniterative minimum variance quadratic unbiased estimation (13), and convergence occurred after one round. Three assumptions were made: 1 ) diagonal elements of D representing the inverse of the variance of DYD or DRP for a given bull were assumed, 2 ) no residual covariances existed between DYD or DRP, and 3 ) heritabilities used in the weighted analysis of DYD or DRP were assumed equal to heritabilities used for genetic evaluations except for the percentage of fat and protein for which 0.50 was assumed to be the heritability (Table 2) . This method tends to overestimate additive heritability because variance from sires is not reduced for the presence of the Pit-1 pattern in the model, but such overestimation should not be very important. To estimate the inverse of the variance of DYD, the method proposed by Georges et al. Table 1 . The significance of regression coefficients that correspond to half of the gene substitution effect a, because DYD or DRP represent only paternal deviations, were tested using the standard error of the estimate that corresponded to the square root of the corresponding diagonal element of C bb , which is the block of the generalized inverse of the coefficient matrix associated with fixed effects. Degrees of freedom were n -rank(X) = 87 where n is the number of observations.
An additional objective was to test the two types of models, a fixed model (Model [1] ) or a mixed model (Model [2] ); therefore, the density of the off-diagonals of the additive relationship matrix A were computed because paternal half-sib groups are linked through these elements. Table 3 shows the distribution of offdiagonal elements of A according to the relationship coefficients. Forty-nine percent of all of the offdiagonal coefficients were higher than 0.05; therefore, the mixed model needed to be considered.
The following strategy, based on methods of Weller et al. (16) , was used to test whether the presence of the A allele had only one major effect. Traits showing significant single-trait regression coefficients were grouped, and traits that were strongly correlated (e.g., milk, fat, and protein yields) were also included. Weighted correlation V and covariance P matrices among these traits were obtained. A canonical transformation was defined as V = QEQ′ where E = diagonal matrix of eigenvalues, and Q = matrix of eigenvectors. The transformation matrix T was defined as Q -1 S where S = diagonal matrix of the inverse of the standard deviations of the original traits; therefore, TPT′ = E. The transformation matrix was used to transform the related traits to unrelated canonical traits. Approximate heritabilities and weights for the canonical traits were obtained as weighted means of the estimates for the initial traits, and weighting coefficients were the squared values of Q -1 . Canonical traits were analyzed using the methods described for original traits. Canonical traits showing low relative eigenvalues explained little of the observed variance. Multiple-trait regression coefficients for original effects could be estimated using backtransformation of regression of canonical traits. The results for these new traits were useful to determine whether only one effect of the Pit-1 alleles could be observed, or whether more than one significant effect existed. Backtransformed estimates of regression coefficients reflected the significant differences between original traits based on a given effect of Pit-1 on the canonical trait.
RESULTS AND DISCUSSION
PCR and RFLP
The PCR product was 451 bp in length. Digestion of the PCR product with HinfI revealed two alleles: the A allele, which was not digested with HinfI and which yielded a 451-bp fragment, and the B allele, which was cut at one restriction site and which generated two fragments of 244 and 207 bp in length as described by Woollard et al. ( 1 7 ) (Figure 1 ). The allelic frequency was estimated by a maximum likelihood approach to be 18.8 and 81.2% for A and B, respectively. These alleles generated three patterns, and frequencies were 2.2, 31.5, and 66.3% for AA, AB, and BB, respectively. Table 4 shows half of the gene substitution effect ( a/2) (expressed as the regression on the number of copies of A ) and standard errors. Results were different with Model [1] and Model [2] , but all levels of significance were the same. Regression coefficients were significant for milk yield ( P < 0.10), protein yield ( P < 0.05), fat percentage ( P < 0.10), body depth, angularity, and rear leg set (all P < 0.10). Allele A seemed to be linked to higher milk yield, more protein yield, less fat percentage, deeper body, more angularity, and rear legs that were more posty. The results for yields can be interpreted as a single positive action of the A allele on protein yield and, to a lesser extent, on milk yield, but not on fat yield, resulting in the negative influence on fat percentage. The influence of Pit-1 on angularity in this context is expected because this linear trait is considered to be strongly related to milk yield. The influence on body depth can be explained by its role as an indirect indicator of body development. Results for rear leg set were most surprising but might be explained in two ways. First, the two AA bulls in our study transmitted extremely posty rear legs and thereby greatly influenced estimates. Second, perhaps the effect we observed for rear leg set was due to the influence of Pit-1 on other correlated traits.
Relationship of PCR and RFLP to Milk Yield and Conformation Traits
To test the hypotheses for angularity and the relationships that rear leg set had with other traits, we performed a canonical transformation of milk, fat, and protein yields together with the three significant conformation traits. Fat yield was included because of the high correlations among the three yield traits and because percentage DYD were not included. In order to limit the number of traits analyzed, body depth, angularity, and rear leg set were added because they were the only interesting conformation traits. The covariance and correlation matrices between DYD or DRP were computed (Table 5) , and observations were weighted using the number of effective daughters. Because these numbers were different for yield and conformation traits, approximate weights were obtained as weighted means of numbers of effective daughters. Correlations among yield traits showed the expected pattern with higher correlations between milk and protein than between fat and one of the other traits. Angularity had correlations with yield traits between 0.40 and 0.50. Correlations between other conformation traits and yield traits were low to very low. Correlations among all conformation traits were moderate between 0.37 and 0.55. Positive estimates for rear leg set correspond to sickled rear leg set.
Results from the canonical decomposition of the correlation matrix are in Table 6 . The first three canonical traits explained nearly 90% of the total variance. The last canonical trait was especially uninformative. Table 6 also gives the eigenvectors and the relative importance of the different traits in each eigenvector. The first canonical trait was highly linked to the yield traits and angularity. Relative influences were between 17.9% for angularity and 27.9% for protein. The second canonical trait was linked to conformation traits; the relative importance was 37.8% for rear leg set, 16.5% for angularity, and 31.5% for body depth. The third trait was associated with body depth and negative rear leg set, which corresponded to posty legs. The fourth was associated with higher fat yield and less angularity. The fifth and the sixth were <5% of total variance. Table 7 shows the regression coefficients and standard errors for the four canonical traits. Again, the estimates for Model [1] and [2] were different, and the level of significance was similar. Three canonical traits were significant; the first ( P < 0.10), the third ( P < 0.01), and the fourth ( P < 0.05). This result indicated that Pit-1 might have more than one action. The regressions and standard errors were expressed on the original scales ( Table 8 ). The backtransformed regression coefficient using canonical trait 1 was very important for milk, fat, and protein yields, and showed especially a high positive value for fat yield. Except for angularity, conformation traits did not show important substitution effects that could be explained by this canonical trait. For the third canonical trait, the influence was low but positive on milk and protein yields and negative on fat yield. Regression coefficients were especially large for body depth (deeper bodies) and rear leg set (more posty). The fourth canonical trait explained a rather large part of the effect on milk yield, had a strong negative influence on fat yield, and a positive effect on angularity. Seemingly, different influences, some positive and some negative, are involved in the relationship of fat yield and Pit-1 allele A. The influence of allele A of Pit-1 on angularity seems also to be at least twofold, through the link between yields and angularity and also directly on angularity with a negative influence on fat yield and a slightly positive effect on milk yield. The action of Pit-1 on body depth and rear leg set was due to the one action that was mostly independent of yield. The association of deeper bodies with more posty legs is rather difficult to explain.
After all canonical traits were grouped together, regression coefficients were approximately equal to those for the single traits. The multiple-trait contrasts apparently included information from correlated traits that could explain the differences. Standard errors of contrasts were mostly reduced.
Differences between Models [1] and [2] were extremely small for two reasons. First, as with a sire model, when most information comes from the daughters, the real advantages of using a mixed model are low. If computations were done for cows with a single record, the advantage of the mixed model would have been greater. Second, the weight that was used for the DYD or the DRP was defined in a very conservative way avoiding overestimation of the difference of variance of DYD. Relative differences might have been greater if alternative definitions of variance of DYD had been used.
CONCLUSIONS
Two alleles ( A undigested and B digested in two fragments) that generated three patterns were distinguished for the Pit-1 gene, the growth hormone factor-I and pituitary-specific transcription factor, that is responsible for the activation of PRL and GH gene expression, using a restriction site recognized by HinfI. The AA pattern was less frequent than the AB or BB patterns. The significant superiority of the Pit-1 A allele over the B allele was observed for milk yield, protein yield, body depth, angularity, and rear leg set. This result indicated that the cows carrying the A allele had higher yields, deeper bodies, greater dairyness, and legs that were more posty. Fat percentage was lower because of the higher milk yield, but nearly constant fat yield, associated with the A allele.
These results seem to show a single action of Pit-1. However, canonical transformation showed three different significant modes of action of Pit-1: one on milk yield and angularity, another on body depth and rear leg set, and yet another on fat yield and angularity. Certain influences for fat yield were antagonistic and cancelled each other. These results can be explained if Pit-1 is assumed to have more than one role in the activation of thyrotropin, PRL, and the GH gene expression: first, influencing yields of milk, protein, and fat and, second, influencing the development of cows, one in the direction of body depth and the other in the direction of dairyness, which would mean that the presence of the A allele would reduce muscularity through improved angularity. Additional research on extreme beef breeds could be conducted to test this hypothesis.
These findings show the usefulness of canonical transformation in distinguishing between effects on related traits. The association of Pit-1 polymorphism and milk yield traits of dairy cows was shown on both the original and transformed scales. Relationship with the A allele was less important for conformation traits, except body depth and angularity, a trait that is related to milk yield. Results for rear leg set were difficult to explain. The canonical transformation showed that effects on angularity were only partially a direct consequence of influence of Pit-1 on milk yield traits.
We can conclude that RFLP in Pit-1 is a promising new possibility to select for increased yield of protein and, to a lesser extent, milk yield through selection for the A allele. However, it is necessary to confirm our findings on a larger number of animals and with another breed before definitive conclusions can be made. Finally, greater numbers of animals with pattern AA would be helpful.
